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Introduction 



In general, loudspeakers are the weak link in the sound reproduction 
equipment chain. And while today's commercially produced speaker 
systems have steadily improved in price and value, consumer elec- 
tronics continue to advance at a faster pace than loudspeakers. 
Designing and building them continues to be a combination of art 
and science. So for the hobbyist, this means that there is still room to 
experiment with building your own speakers — and maybe even save 
some money while you're having fun creating your own designs. 

A real opportunity area for amateur speakerbuilding continues to 
be car stereo. I'm sure most of you reading this could agree that car 
manufacturers are still not installing good quality speaker compo- 
nents as original equipment, and that speaker locations in many cars 
appear to be questionable. The best proof of all of this is that the 
after-market car stereo industry continues to thrive year after year. 
Somebody out there must be looking for something better. 

ix 
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Introduction 



Over the past 15 years, I have had the opportunity to build and 
experiment with a variety of car stereo speaker systems. Prior to 
building that first one, I read many books and articles on speaker- 
building to try to understand the principles. At that time, there were 
no books specifically written for car audio; they were all geared 
towards home speaker construction, so application to car audio was 
by inference. When I ventured out into the auto sound world of 1985, 
I found few reasonably priced, commercial speaker systems that I 
really liked. If I liked the way a system sounded, it was invariably 
too expensive. A simple two-way, box system with 8-in woofers from 
some of the major manufacturers cost the equivalent of $1,000 or 
more in today's dollars. Also, I was more than dismayed by some of 
the concepts being used at that time — many of which have been mer- 
cifully abandoned. 

So out of necessity, I decided to try my hand at building my own 
car stereo speaker system — for financial reasons and out of general 
dissatisfaction. Over time, as my personal vehicle changed, it 
afforded me the opportunity to experiment with different concepts. 
As others saw and heard the results, they were moved to build sys- 
tems similar to mine or contract me to build one for them. 

Eventually, I reached the point where I felt I had enough unique 
material to write a book on the subject. The result was Kilter Car 
Stereo on a Budget, which outlined all of the concepts I believed to be 
improvements over the commercial systems of that period. I was for- 
tunate enough to get the attention of Audio Amateur Corporation, 
which published it. Seven years later I wrote a much improved 
sequel. Ultimate Auto Sound, after more experimentation and the ben- 
efit of a personal computer. 

That brings us to today and the purpose of this book: To show you 
in step-by-step photos and illustrations how to build a variety of car 
stereo speaker systems using designs and concepts which have been 
proven to be extremely reliable. You should be able to do the work 
and reproduce the results even if you've never built anything like 
this before. Since much of this involves semiskilled woodworking, I 
will also show you how to accomplish this with minimal investment 
in tools and equipment. By following simple directions, you should 
be able to construct your own car stereo speaker systems that have 
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both superior performance and reasonable cost. As an added benefit, 
you will probably learn enough to apply these principles to other 
applications, like home audio, and have even more fun in the 
process. 



Concepts 



All of the systems I advocate for use in cars employ a combination of 
high-quality satellite speakers and one or more powered sub- 
woofers. This in itself is certainly not news in today's world of audio. 
If anything, it is the norm. What you will see here, however, are 
unique ways to apply these concepts in order to create systems that 
fit in limited spaces and generally perform better than commercial 
systems. Even if you wanted to purchase something similar, many of 
these designs don't exist commercially. And if they did, it's doubtful 
they would custom -fit your particular application. For the most part, 
you should be able to do what professional installers do and get bet- 
ter results since you will be applying different principles and can 
take as much time as you want. 

The speaker projects contained in this book will greatly enhance 
the sound of almost any head unit (radio). While not directly related 
to speakerbuilding, another somewhat unique concept I advocate is 
to retain the use of the factory head unit whenever possible. In gen- 
eral, I have found them to be attractive, rugged, and reliable. Many 
of today's units sound great and look like they belong in your partic- 
ular vehicle. Best of all, you already own it. Unless there's a known 
deficiency, like no CD options, plan to at least try to retain the factory 
head unit. 

The subwoofer designs I advocate employ a somewhat unique 
subwoofer filter, which I developed back in the 1980s and have 
improved over the years. To my ear and many others, it just plain 
sounds better. I will show you in great detail how to construct it 
yourself for a modest cost. Alternatively, if you'd rather not take this 
on, you can elect to purchase a commercial version from me direct. 

In general, this book is not about high sound pressure levels, 
although virtually every one of the systems we'll build is capable of 
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inflicting hearing damage if used improperly. While we won't be 
building very large systems as examples, there will be plenty of 
information provided to enable you to do so. 

Woodworking can be fun or maddening, depending on whether 
or not you have the right tools to do the job. To minimize the frustra- 
tion, all of the projects we will build will require the minimum in the 
way of tools in order to make this process both fun and affordable. To 
make it fun, we'll employ some tips and tricks to get around the lim- 
itations of the simple tools well be using. 

Component selection is always a major factor in the success of a 
speakerbuilding project. Some of the bass drivers (woofers) we will 
use are unique in their ability to provide low-frequency extension in 
small enclosures. While it's fairly easy to get big sound from big 
enclosures, it took quite a bit of experimentation to get similar results 
from small ones. You will get the benefits of all the work done in the 
past. 

Cost is a major design consideration for every project in this book. 
The particular components and electronics we advocate using are 
selected to provide good performance and reasonable cost. 

This book is divided into sections that show the application of my 
designs in various positions and vehicle types. For many of the 
examples constructed, there will be tables that give all the parame- 
ters to permit you to build larger or smaller versions so that you can 
custom build something that fits your particular application. 

For the skeptics out there (I'm one of them), the performance of 
every project we build will be authenticated using an Audio Control 
SA-3055 real-time analyzer (RTA), graciously loaned to us by the 
manufacturer for the duration of this project. A picture of this terrific 
analytical tool is shown as Photo 1-1. In addition, we will use oscillo- 
scope displays and other instruments to show you actual data wher- 
ever possible. 

Finally, lets be clear about what this book is not. It's not a car stereo 
installation manual. It is a construction project book for car stereo 
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Photo 1-1 Audio 
Control SA-3055 
Real-Time Analyzer. 



speakers. The installation part of the job has been covered by others 
{including myself in past work). This book is intended to let you see 
first-hand how to go about the actual construction of car speaker sys- 
tems. 

Having laid out the ground rules, let's go to work! 

Daniel L. Ferguson 
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Front Speaker Projects 



In this first section, we'll tackle some of the problems you might 
encounter with installation of the all-important front speakers. These 
provide over 90 percent of the musical information and determine to 
a large extent the overall quality of the system. While they are usu- 
ally not the most expensive component in the system, they are the 
most difficult to get right. This is primarily due to the limitations of 
the speaker placements available. 

For instance, I've listened to some very popular foreign and 
domestic vehicles that could not produce any semblance of a front 
sound stage unless I drastically altered the right-to-left balance. In 
these instances, leaving the balance control in the centered position 
caused either the driver's or passenger's speaker to be very promi- 
nent — depending on the particular vehicle. In some of these cases, the 
acoustic balance could only be corrected by moving the balance con- 
trol 30 or 40 percent off center. While this may be tolerable for a single 
occupant, it would be unnerving for anyone else in the vehicle. 

If audio is one of your priorities, the time to check for a front 
sound stage is before you buy the vehicle. But let's face it, many cir- 
cumstances cause this to be lower on the priority list when we're 
shopping for that new car or truck. So now, for whatever reason, you 

1 
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are dealing with a front sound stage (or "imaging'') problem. One 
cause of poor imaging is poor off-axis response from the front speak- 
ers. To correct this, I always start by replacing the factory speakers 
with the best-sounding aftermarket coaxes I can find to determine if 
the stock locations have the potential to produce a reasonable sound 
stage. The hope is that if this is successful, no alteration to the vehi- 
cle's interior will be required. 

If you're wondering how replacing the stock speakers could help 
with imaging, it has to do with the fact that car makers don't usually 
install coaxes with separate tweeters as original equipment. Since a 
5- or 6-in cone speaker has very limited dispersion (off-axis response) 
above 2,000 or 3,000 Hz, a significant portion of the spectrum is prob- 
ably being directed in a concentrated beam to somewhere other than 
your ears. This is compounded by the fact that higher frequencies are 
very directional. So installing a high-quality coax usually means we 
are adding a tweeter where one did not exist before, which has the 
potential to fill in some gaps in the audible spectrum. 

Another possible fix for an imaging problem is to install additional 
speakers in the front doors — a major decision. Any alteration of your 
car's interior should be approached with quite a bit of caution. If you 
make a mistake, the consequences could get expensive. But a case 
can be made for improving the on-axis and off-axis response versus 
distance combination— especially if the car manufacturer left you 
with no other viable alternatives. 

Maybe you have a simpler need — you just want more midbass up 
front and the puny 3 / 2 -in dash speakers just won't do it by them- 
selves. For whatever reason, you've arrived at the point that you are 
ready to install additional speakers in your door panels. In this sec- 
tion, we're going to look at some things we can build to facilitate or 
even improve this installation. Let's start with something simple. 



Spacer Rings 



Let's assume that you have decided to attempt to improve your front 
sound stage by installing some aftermarket coaxes in the door pan- 
els. Photo 1-1 shows a typical high-powered 5- in coax. This one 
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Photo 1-1 



happens to be a Madisound 5402 with a measured frequency 
response shown as Figure 1-1. It is equipped with an Audax 14-in 
dome tweeter for extended highs. The woofer has a large magnet for 
good power handling and a polypropylene cone for maximum mois- 
ture resistance. The large magnet structure can be a problem if it 
extends too far into the door cavity. The fix for this is to install a 
spacer ring between it and the door panel. 
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Figure 1-1 

Frequency response 
of Madisound 5402 
coax measured in 
4- by 8-ft test wall. 



In order to prepare for this installation, you will have to study the 
problem carefully and decide on exactly the position where you 
want to install the new door speakers. Then, you must remove the 
door panels to see what is behind them. 

There are two aspects of the door mounting problem. One is the 
placement of the magnet, and the other is locating enough structural 
steel to get a minimum of two of the four speaker mounting screws 
into. Let's assume that, after careful examination, you have deter- 
mined that the new speaker will fit perfectly except the magnet sticks 
out too far and will either hit a structural member or interfere with 
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the window mechanism. So now you need some type of spacer to fit 
between the speaker and the door panel. 

In this section we'll show you how to build two different types of 
spacer rings. We'll start out with the simplest tools first and move up 
from there. The second type, using more power tools, should yield a 
more attractive installation. 

Simple Spacer Ring 

The tools required are the following: 

• Electric drill 

• Saber saw 

• Wood rasp 

• Compass 

• Ruler 

• 100-grit sandpaper 

• Work stand (optional) 

• C-clamp (optional) 

For materials we'll need the following: 

• High-quality particle board (best source for this for small proj- 
ects is precut shelving available at home improvement stores 
like Lowe's) 

• Water-based wood putty (e.g., Elmer's, Durham's) 

• Suitable spray paint (I prefer the black satin spray enamel avail- 
able at Wal-Mart for about $1.50 a can) 



Procedure 

1. Lay out the spacer by drawing two concentric circles. The 
outer circle should be slightly larger than the grille by Yu to Ye 
in. (It looks fairly ugly if the spacer is undersized.) The inner 
circle is the diameter of the woofer mounting hole. Measure 
the outer diameter of the grille as shown in Photo 1-2, add Yu 
in or so to the radius, and draw the outer circle on the particle 
board as shown in Photo 1-3. 
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Photo 1 -2 



Photo 1 -3 




2. Carefully measure the inner diameter of the speaker to deter- 
mine the size of the mounting hole and draw the inner circle. 
Photo 1-4 shows one technique for doing this accurately, 
which involves using a framing square and speed square to 
form a caliper. Use this dimension to draw the inner circle. 




Photo 1 -4 
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Photo 1 -5 



Photo 1 -6 



Photo 1 -7 



3. Drill a hole (approximately % in) inside the inner diameter as 
shown in Photo 1-5 and cut out the inner diameter with the 
saber saw as shown in Photo 1-6. Test-fit the coax and correct 
any problems before proceeding. 





4. Cut out the outer diameter (or traced outline if the grille is 
noncircular) with the saber saw. 

5. Test-fit the grille to the spacer and correct any irregularities 
with the rasp as shown in Photo 1-7. 
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6. When everything fits properly, fill the particle board edges 
with water-based putty. Add a little water to thin the consis- 
tency, and rub the mixture into the spacer edges with your 
finger or a damp rag. Let dry overnight and sand smooth. The 
results are shown in Photo 1-8. 




Photo 1 -8 



7. Paint the spacer as appropriate, and it is ready to install as 
shown in Photo 1-9. 

8. Installation is accomplished by running screws through the 
woofer, grille ring, and spacer into the door frame. As stated 
earlier, all of this must be laid out carefully in advance. 




Photo 1 -9 
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Contoured Spacer Ring 

While the appearance of the simple spacer is OK, if we're objective 
about it, we might conclude that it could look better. For one thing, it 
looks exactly like what it is— a spacer. It could look a lot more like a 
finished part with a few improvements. For example, if space per- 
mitted, it would look considerably better if it were a little larger than 
the grille so that the hole could be recessed slightly. Also a rounded- 
over edge should soften the look and make it more appealing. Photo 
1-10 shows how this could look. However, to make this spacer, we'll 
need a plunge router. For this job, we'll be using a straight ^-in- 
diameter carbide-tipped bit and J4-in-radius roundover bit as shown 
in Photo 1-11. 



Photo 1-10 




In order to cut perfect circles with the router, we'll need to make a 
simple fixture from a piece of scrap particle board as shown in Photo 
1-12. The actual dimensions are noncritical, but material thickness 
should be 'A to % in. For this application, I chose a convenient piece of 
scrap that happened to be 8 by 12 by % in. To make the fixture, trace the 
router baseplate mounting holes (they all have them) onto the scrap at 
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Photo 1-11 



a point that positions the router an inch or two from one end. Drill and 
countersink the holes and secure the fixture to the router with some 
suitable flathead bolts and nuts. Be sure the bolt heads do not pro- 
trude! If you haven't already done so, install the straight bit in the 
router and plunge the bit through the fixture. Retract the bit. The edge 
of the hole now defines the edge of all future circles cut with the fixture. 




Photo 1 -1 2 



To set the radius of the circle to be cut, mark the center on the bot- 
tom of the fixture. Measure from the outer edge of the hole back 
toward the long dimension of the fixture as shown in Photo 1-13. 
Drill a small hole and drive in a snug-fitting nail with the head 
removed as shown in Photo 1-14. For this spacer there will be a total 
of four cuts; therefore, you may want to measure and predrill them 
all at this time. Figure 1-2 shows the dimensions required for the 
nominal 5-in stamped steel grille supplied by Madisound. It is typi- 
cal of many others. However, the grille you are using may differ sig- 
nificantly and will require close measurement to make the spacer fit 
for the best appearance. 
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When you're satisfied that the center-pin holes are correctly 
located, test cut all four radii in a piece of scrap. Adjust center-pin 
positions as necessary until you get the correct results. 



Procedure 

1. When all test cuts are at the right diameters, set the fixture up 
on a fresh piece of material and begin by cutting the recess for 
the grille. This could also be referred to as a counterbore or 
rabbet and will require two passes to get a wide enough land 
area to fully support the grille. This is a very shallow cut — 54 
to Ms in deep. The first pass is shown as Figure 1-2 a. Widen the 
rabbeted area by decreasing the radius and making the sec- 
ond cut shown as Figure 1-2 b. 

2. Remove the router fixture, clean out all the sawdust, and test- 
fit the grille in the recess. If it looks OK, reposition the nail to 
the inside radius and make a cut to a depth of about one-third 
of the way through. Remove the fixture, clean out the saw- 
dust, and reposition the fixture. Repeat this one more time 
until the depth of the cut is approximately two-thirds of the 
way through as shown in Figure l-2c. 

3. Remove the fixture and reposition the nail for the outside 
diameter. Make this cut in three or four passes as shown in 
Figure 1-2 d. On the final pass, take a position that allows see- 
ing the back side of the workpiece (or use a mirror). Plunge 
the router all the way through and proceed with the final cut. 
Stop the router when approximately 15 percent of the mate- 
rial remains. Remove the router and cut through the remain- 
ing material with a saber saw. 

4. Cut the center plug free with a saber saw after drilling a hole 
to get the blade started. At this point you will have the par- 
tially finished ring shown in Figure l-2e. Carefully remove 
the remaining tab from the outside surface and the ridge from 
the inside bore by filing and sanding smooth. 

5. The final step is to round over the outside edge as shown in 
Figure 1-2/. Remove the fixture from the router and replace 
the straight bit with the roundover bit. This should also be 
carbide-tipped and have a ball bearing guide. If you have a 
router table, this is a good application for it as it makes this 
operation a breeze. If you don't, you have two options. One is 
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to attach the spacer ring to a secure, flat surface by installing 
screws in the back side and making the roundover cut from 
the top. Alternately, you can improvise a router table by 
enlarging the hole in the circle cutting fixture to accommo- 
date the roundover bit and then clamping it securely in an 
inverted position to a work stand as shown in Photo 1-15. 
Make the roundover cut in two passes to minimize the force 
on the ring. Again, the result is shown in Photo 1-10. 



Photo 1-15 




6. Rub wood putty into the outer edges and let dry overnight. 
Then, sand smooth and paint with several coats of semigloss 
black paint to match the grille. Alternatively, you could also 
paint this to match the color of the trim in your vehicle. The 
finished part is shown as Photo 1-16. 



Photo 1 -1 6 




7. Mounting of this spacer ring is identical to that of the simple 
spacer ring, above. 




Front Speaker Projects 



13 



I'm sure that by now you've figured out that the plunge router and 
jig we made are a great way to cut all kinds of holes and circles. For 
instance, we could have easily used it to cut out the simple spacer 
ring. It would have been much more accurate and looked a lot better. 



Two-Way Component System 

When it comes to door speaker systems, individual components are 
considered to be the ultimate. There are several reasons for this, but 
the biggest and most obvious one is that each of the components is 
usually of much higher quality than is found in most coaxes. In fact, 
the quality of this type of speaker system is really limited only by 
your budget. However, even if we use the highest-quality compo- 
nents, performance will still be greatly dependent on placement. 

We can improve on the placement problem by designing in the 
widest off-axis response possible. Key parameters for this are: one — 
choosing a tweeter with good dispersion and two — setting the 
crossover frequency as low as possible to minimize "beaming" from 
the midbass driver (woofer). If there is sufficient space available, we 
can install the components on some type of rigid backing to reduce 
movement of the individual drivers, which causes a type of distor- 
tion referred to as "smearing." And while we're at it, we'll make all 
the corners and edges as smooth as possible to minimize diffraction. 

So for the two-way component system well be constructing, we 
choose the best components we could find that met our design needs 
and are yet still cost-effective. With the help of the designers at 
Madisound, we selected the following: 

Tweeters: LPG 26NA, 1-in aluminum dome. 

Woofers: Vifa P13WH-1Q4, cast aluminum frame, 5-in polypropyl- 
ene cone with rubber surround, 4-ohm impedance. 

Crossovers: Madisound two-way, third-order network with pre- 
mium, polypropylene capacitors and air core inductors, designed 
using LEAP loudspeaker modeling program. The crossover schematic 
and wiring diagram are shown in Figures 1-3 and 1-4. 

The components for one side are shown in Photo 1-17. 
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Photo 1-17 



We will start by designing a suitable mounting board to fit a 
generic door panel. We'll dress it up by recessing the components 
and rounding over the edges as was done for the contoured spacer. 
Lastly, we'll measure on- and off-axis system response on a flat panel 
to demonstrate its accuracy. 

Notes: 

1. If you prefer to not use a mounting board, you can mount the 
woofer and tweeter separately. The tweeter comes in several 
different configurations and can be flush- or surface-mounted. 
If you plan to install the tweeter flush-mounted, choose the 
flanged version. 

2. To get predictable frequency response results, maintain spac- 
ing between the woofer and tweeter as close as possible to 
Figure 1-5. 




Figure 1-5 Mount- 
ing plate for two- 
way component 
system. 
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Procedure 



1. Installation of this system will require you to cut a 454- in hole 
in your front door panels. And, as stated before, this is a major 
decision, which requires a great deal of study. You may also 
want to enlist the help of a professional installer before pro- 
ceeding. 

2. Assuming we've done all the prework, we begin by tracing a 
paper pattern of the door contour which will be transferred to 
a full-sized drawing of the driver's side as shown in Figure 1-5. 

3. After tracing the pattern onto the particle board, we lay out 
the hole pattern for the woofer and tweeter with a compass. 

4. Using the router circle cutting jig, we route the two mounting 
holes. Photo 1-18 shows the tweeter hole after the final router 
pass. The remaining material holding the plug in is cut with a 
saber saw and the hole is smoothed with the wood rasp as 
shown in Photo 1-19. The test fit of the tweeter is shown in 
Photo 1-20. 



Photo 1-18 





Photo 1 -1 9 
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Photo 1 -20 



Note: The tweeter mounting configuration we chose was strictly 
for appearance purposes. Boring the proper mounting hole 
for it requires much more precision than would be nor- 
mally expected, and even then the tweeter must be held in 
place with silicone caulk. If you opt for the flanged version, 
mounting the tweeter is much less problematic. 

5. Next, we cut the optional recess for the woofer and grille and 
test-fit the grille as shown in Photo 1-21. 




Photo 1-21 



6. The bore for the woofer is shown in Photo 1-22. 




Photo 1 -22 
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7. After confirming that the woofer and tweeter fit properly 
(Photo 1-23), we cut out the driver's side mounting board 
with the saber saw. 



Photo 1 -23 




8. The passenger side mounting board will, of course, be the 
mirror image of the driver's side. After it is cut to size, place 
the two pieces together and correct any obvious differences 
by filing and sanding. 

9. Using the router and the 14-in-radius roundover bit, round 
over the outside edges. The finished driver's side is shown in 
Photo 1-24. Fill the edges with thinned wood putty, and let 
dry overnight. 



Photo 1 -24 




10. Sand the boards smooth, wipe with a tack rag, and apply sev- 
eral coats of paint. The finished driver's side is shown in 
Photo 1-25. 
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Photo 1-25 



11. The mounting board can be best secured to the door panel 
with screws installed from the back side combined with run- 
ning sheet-metal screws through the woofer and grille ring 
and into the metal door frame. All of this must of course be 
carefully taken into account during the initial planning phase. 
Failure to anchor the board to the door frame properly (at two 
or three strategic places) will probably result in an unsatisfac- 
tory installation. Photos 1-26 and 1-27 give a feel for what the 
installed system would look like. 




Photo 1 -26 




Photo 1 -27 





20 



Chapter One 



Testing 



To confirm that we have a high-accuracy design we mounted the 
completed plate system on a heavily reinforced, %-in- thick plywood 
test wall and measured its response with the Audio Control SA-355 
real-time analyzer (RTA) as shown in Photo 1-28. We compared the 
RTA plots to the predicted response curves generated at Madisound 
using LEAP — a sophisticated loudspeaker modeling program. To 
determine dispersion characteristics, we measured the response on- 
axis, at -30 degrees horizontal (left of center) and at -30 degrees hor- 
izontal combined with +30 degrees vertical to approximate the 
expected listening position in a typical installation. 



Photo 1 -28 




Figure 1 -6a is the response predicted by LEAP 30 degrees to the 
left of center. Directly below it is Figure l-6b, which shows the 
response measured with the RTA at a distance of 18 in also 30 degrees 
left of center. The dip between 5 and 8 kHz was the biggest discrep- 
ancy between the two plots. However, when the mike was reposi- 
tioned to 30 degrees above center, combined with 30 degrees to the 
left, the response shape became more similar to the model. One prob- 
lem encountered was that the tweeter level (volume) was lower than 
it should have been, so I placed a jumper across the 1-ohm series 
resistor and achieved the response shown as Figure l-6c. The tweeter 
level is still a little lower than ideal, but it looks fantastic considering 
how far off-axis the measurement is being taken and is actually quite 
uniform — a credit to LEAP and the designers at Madisound. 



Front Speaker Projects 



21 



d B 


Graph 11 


> 




System Acoustic 


On 


Axis 


Response 


: SPL 


, Phase 






33 


Mm 


m 


■ 


B 


B 


S 


1 


i 


; _ r .. 




fl 


9 


Bl 


ifl 


li 






B 


9 


B 


1 


1 




] 






9B 


B 


n 


i 




i 


i 


l 


: \ 


BH 


SI 


9 




ii 


li 






B 


9 


B 


1 








r— : — S 




tfl 

7C 


LL 


B 


m 


Si 


H 


1 


l 


i 








9 




;g 








B 


9 


B 




1 




T 






on 


m 


_L 


m 


i 


1 


1 


1 


i 


9B9 


9 




9 


If 


il 










9 


B 


B 


1 




= 










B 


m 


H 


1 


1 


l 


i 


mm 


9 


B 


9 


Bi 


IS 


II 






! 


9 


B 




i 




: 






63 

56 

50 

44 




B 


m 


B 


fl 




I 


i 






B 




|| 


[i 


ii 






B 




B 


B 


B 




1 








: 


9 


B 


1 


1 


I 


1 


ES 






9 




is 


ii 






B 




B 


B 


1 














9 


B 


1 


1 


1 


I 


SB 




B 


9 


B 


18 


ii 


: 




fl 


9 


B 


i 


1 




g 


i LEAP : 





















Figure 1 -6a Pre- 
dicted response of 
two-way door- 
mounted system 30 
degrees left of center. 
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Figure 1 -6f> Mea- 
sured response 30 
degrees left of center 
with tweeter series 
resistor bypassed. 
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Figure 1-6 c Mea- 
sured response 30 
degrees left of center 
and 30 degrees 
above center with 
tweeter series resis- 
tor bypassed. 



So, how do they sound? In a word quite good, as I would expect 
from such a uniform frequency response curve. The word I would 
use to describe them is '"smooth." They have a very wide listening 
window which, of course, was one of our main design objectives. 
Also, there was no trace of harshness in the highs, which is charac- 
teristic of some aluminum dome tweeters. 

To get the full effect, I teamed them up with a good-quality sub- 
woofer and the results were totally seamless. The illusion was that all 
of the bass was being generated by the Vifas due to their solid mid- 
bass capability. All in all, I am satisfied with the result. 
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Chapter One 



While our system was designed by professionals using computer- 
aided design tools, we amateurs can do a pretty fair job of designing 
our own. Speakerbuilder magazine has been in publication since 1980 
and is devoted solely to this hobby, so there is still considerable room 
for the hobbyist to experiment — even if you only have minimal test 
equipment. In Chapter 8, well demonstrate some of the basics of 
speakerbuilding. 

That about wraps up this chapter on front speaker projects, 
although volumes could literally be written on dealing with this 
extremely difficult problem. I hope in this somewhat brief attempt 
that I have given you some ideas that you will find useful for tuning 
up your front sound stage. 




Chapter 2 



Rear Speaker Systems 

for Sedans 



After the front speakers, the next most difficult speaker system to 
implement properly is the rear speakers in a sedan. We have not one 
but two systems to install in this location — the rear mains and the 
subwoofers. We will make the assumption that available space is 
limited to the package shelf under the rear window. The challenge— 
and it's a big one — is to do all this while utilizing the existing factory 
cutouts. 

Now there are many car stereo enthusiasts out there who think 
that an acceptable solution to the sedan subwoofer dilemma is to 
simply place a large box system in the trunk with no direct coupling 
to the passenger compartment. There are others who have cut a hole 
in the trunk wall and installed a large-diameter subwoofer which 
fires through the rear seat structure and cushion. I have a question 
for those of you who subscribe to these types of installations. In a 
home system, what audiophile would place a subwoofer in the next 
room? Or, what music lover would bolt a subwoofer to the back of a 
sofa? The answer is, no one would — for obvious reasons. These prac- 
tices have become accepted over time into car audio because manu- 
facturers have offered few viable solutions to the sedan problem. In 
all likelihood, most of this evolved from just plain expediency. 
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What's wrong with all the above is that the whole principle behind 
a loudspeaker is to couple the motion of the moving diaphragm to 
our ears through the medium of air. When anything else gets in the 
way, like steel, fiberboard, insulation, thick foam rubber, etc., the 
sound is compromised, to say the least. Distortion is introduced in a 
big way and frequency response is altered. 

Another serious side effect is the damage a large, uncoupled sub- 
woofer box system can do to a car's structure from inside the trunk. 
I've seen interior trim screws back out, and I've personally observed 
trunk lids flexing with every beat of the kick drum. I also invariably 
hear loud rattles and buzzes intruding into the musicf?). 

For all of the above reasons, we will confine ourselves to building 
rear speaker systems that are directly coupled to the passenger com- 
partment air space. They should have lower distortion, be more effi- 
cient, and be less destructive. Maybe best of all, you will still have a 
trunk when we're finished with each of the three designs explored in 
this chapter. 



The Triax 



Sedan System No. 1 is based on the assumption that your vehicle is 
equipped with 6- by 9-in oval rear speakers as original factory equip- 
ment, which is very common for many domestic cars. For this situa- 
tion, we will fabricate our own version of a triaxial speaker system. 
The general arrangement is shown in Figure 2-1. It will employ a JVC 
CS-HX420 4-in coax to cover everything but the bottom two octaves. 
These particular coaxes were selected because of their smooth sound 
and compact size. In this application, power demands on the coaxes 
will be minimal since they only have to provide rear fill. Bass fre- 
quencies will be handled by an 8-in Madisound (Resource 1) 81524- 
DVC woofer, which has dual 4-ohm voice coils. To ensure plenty of 
headroom, these woofers have a relatively high 5-mm peak-to-peak 
excursion limit (referred to as X mas ). In this case, we will be using 
only one of the voice coils (a somewhat unusual configuration), 
which will yield a 4-ohm impedance and the correct Q (related to 
damping) for this "free-air" trunk- mounted setup. The two drivers 
used in this project are shown in Photo 2-1. 
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Figure 2-1 Sedan 
triax arrangement. 




Photo 2-1 



Looking ahead, the predicted subwoofer frequency response, 
when using this driver, is shown in Figure 2 -6a (page 39). Other 
high-quality woofers may certainly be used in this application pro- 
vided that their parameters are suited to free-air mounting and they 
have sufficient power handling and cone travel. As a point of inter- 
est, the free-air resonance frequency f s for this particular sample 
measured 31.8 Hz, which is within 0.1 Hz of the published specifi- 
cations. Driving only one of its two voice coils increased its total Q 
(Q ts ) from the specified value of 0.31 to 0.54, making it nearly ideal 
for this free-air application. 








26 



Chapter Two 



Getting Started 

The triaxes are built on a series of adapter boards which couple the 
various drivers to the passenger compartment through the single 
opening. Figure 2-2 shows the details. While it appears to be com- 
plex, each piece taken separately is not. 



Figure 2-2 Sedan 
triax adapter details. 





Rear Speaker Systems for Sedans 



27 



Tools required for this project are: 

• Circular saw 

• Saber saw 

• Electric drill 

• Router (optional) 

• Table saw (optional) 

• Wood rasp 

• Square 

• Clamp-on straightedge (recommended) 

• Ruler, tape measure 

Materials required for this project are: 

• High-density particle board, 34 in thick 

Note: A convenient source for this is 1114-in-wide precut shelv- 
ing, available at building supply house like Lowes in 8-f t 
lengths. Another possibility is 24-in- wide countertop 
material available at cabinetmaker supply houses. 

• Yellow carpenter's glue 

• Water-based wood putty 

• Sandpaper 

• Screws: 

24 — No. 6 flathead sheet-metal, 34 in long 
6 — No. 6 panhead sheet- metal, % in long 
36 — No. 8 panhead sheet- metal, 114 in long 
16 — No. 8 panhead sheet-metal, 1 in long 

Before proceeding at full speed with this project, test to see if the 
units will fit your car. Start by cutting out the top coax adapter board 
to its overall dimensions and attempt to fit this under the package 
shelf inside the trunk. If it fits and you are sure you will be able to 
attain an airtight seal with the steel package shelf, proceed with the 
rest of the fabrication. 



Procedure 



1. Begin by ripping a suitable length of 34-in-thick, high-density 
particle board to a width of 914 in. This is best done on a table 
saw but can also be done using a circular saw and straight- 
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edge (Photo 2-2). This particular straightedge is marketed 
under the name Sure-Grip© and has some unique features. It 
can be obtained by mail order from Trendlines (Resource 3). It 
comes in a variety of lengths, and the one shown is 56 in long 
and is designed for material up to 50 in wide. In later photos, 
when performing shorter crosscuts, I switch to the 30-in 
model for convenience. You will also need a large, plastic 
speed square as shown in Photo 2-3. For best results, the 
square should be modified by trimming approximately % in 
off the flanges adjacent to the 90-degree corner to allow it to 
fit over the clamp on the straightedge as shown. 



Photo 2-2 




Photo 2-3 




Notes: 

1. To provide maximum accuracy, the workpiece must be 
fully supported and clamped to the plywood worktable. 
The saw depth of cut is then set to just barely penetrate 
through the workpiece and into the plywood worktable. 

2. The drawings and photos in this section are shown for con- 
struction of the passenger's side triax. The driver's side is 
the mirror image. 
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2. Next, set your circular saw to cut a 45-degree bevel and make 
the cut shown in Photo 2-4. 




Photo 2-4 



3. Carefully measure the distance from the outside edge of the 
circular saw blade to the saw guide as shown in Photo 2-5. 
Add this dimension to the desired width to be cut, which is 
7% in for the top coax adapter board as shown in Photo 2-6. 
Repeat this process for the remaining boards. 




Photo 2-5 Photo 2-6 

4. With all of the pieces cut to size, place the stack shown in 
Photo 2-7 in your car and verify that it fits. If you have to stag- 
ger any of the pieces to clear obstructions, match mark the 
pieces carefully so that you can adjust relative positions dur- 
ing the rest of the fabrication. For the sake of this discussion, 
we will assume that no offsets are required. 

5. Referring to Figure 2-2, locate the triax center on each of the 
top four boards by drawing a horizontal line 3 Vi in from the 
top edge and a vertical line in the center. For the 9M- in-wide 
set, this is 4% in. 
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6. Make a photocopy of the 5%- by 8%-in oval template shown in 
Figure 2-3 and carefully cut it out. Align the centerlines and 
trace the outline on each of the four top boards as shown in 
Photo 2-8. 




7. To locate the four mounting holes, you will need the old 6 by 
9 speaker from your car. If you don't already have one, you 
can buy one from a junkyard for almost nothing. Place the 6- 
by 9-in unit facedown on the board with its major (long) axis 
centered and parallel with the length of the board. Carefully 
trace its outline and hole pattern on the board (Photo 2-9). 

8. Using a compass, draw a 3%-in circle centered 214 in from one 
end of the board as shown in Figure 2-2. (Note: Be sure not to 
oversize the hole as the JVC coax flange is very narrow in 
places.) Next draw the 214- in arc that defines the outer wall of 
the coax partition. 



Photo 2-8 




9. Cut out the hole for the coax with a saber saw as shown in 
Photo 2-10; then place the coax in the hole and verify proper 
fit. Now trace the outline of the coax flange onto the board. 





igure 2-3 5 %- by 8%-in oval template. 
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Photo 2-9 




Photo 2-1 0 




Align its hole pattern to avoid the 6- by 9-in hole pattern 
drawn earlier. Recognize that no more than two screws are 
actually required to fasten the coax since you will be gluing it 
in with silicone caulk. 

10. Cut out the rest of the 5 %- by 8%-in oval hole, being careful 
not to break the 14-in-thick coax partition (Photo 2-11). Photo 
2-12 shows the completed top coax adapter board with the 




Photo 2-1 1 



Photo 2-1 2 
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coax in place. Drill out the 6- by 9-in standard mounting 
holes for a slip fit with No. 8 sheet- metal screws. Then turn 
the board over and counterbore them just deep enough to 
recess the sheet-metal screw heads — about % in as shown in 
Photo 2-13. 

11 . Take the bare coax mounting board back to your car and verify 
that it fits and that all four mounting screws can be engaged. 
Incidentally, if your car has no mounting holes, now is the time 
to drill them. Take the board back to your workbench. 

12. If you haven't already done so, solder approximately 2-ft- 
long leads to the coaxes and the woofer before proceeding 
further. Be sure to observe polarities by attaching the red lead 
to the terminal marked with either a + sign or a red dot. 

13. Turning to the %-in- thick top spacer board, cut out the 5 %- by 
8%-in oval opening. Place the coax facedown on this board in 
the same position and orientation as it will be on the adapter 
board. Carefully trace its outline with a pencil. Recess the 
marked area indicated in Figure 2-2 the minimum amount 
needed to fit the coax flange and provide a flat sealing surface 
with the coax adapter board. A router is a handy tool to use 
for this operation; however, a sharp router bit in an electric 
drill and a steady hand does a pretty fair job here also. 

14. After you have confirmed fitup of the coax into the top board 
and the matching spacer board, clamp these two pieces 
together and drill the 6 by 9 mounting holes through the top 
spacer. Next, test-fit the two pieces in your car. If all is well at 
this point, take these pieces back to the workbench. Lay the 
first coax board on top of the second coax board and trace 
the cutouts for the woofer and coax. Repeat this procedure for 
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Photo 2-1 5 




the third coax board. Please note the difference between the 
third board and the other two — it has a routed blind hole that 
houses the coax magnet and forms the bottom partition 
between the coax and the woofer pressure wave. 

15. It is important that all air passages have smooth transitions, 
so clamp all four top pieces together and smooth off any 
rough edges with the rasp and sandpaper. The finished stack 
is shown in Photo 2-14. 

16. Cut out the hole in the woofer board and fit the woofer to it. 
After drilling all of the pilot holes for the woofer mounting 
screws, fit all of the pieces together and correct any problems. 
Verify that the woofer surround is completely clear of the 
edge of the hole as shown in Photo 2-15. We are now ready to 
begin final assembly. 

Triax Assembly and Installation 

(The following procedure assumes that all pieces have been drilled 
and screws test-fit for final assembly.) 
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Photo 2-1 6 



1. Prepare the coax for mounting by trimming off the portion of 
the mounting flange that protrudes past the partition and into 
the woofer port. Use only metal-cutting shears for this to 
avoid generating metal shavings. {Photo 2-16 shows a close- 
up of this detail.) Then, mount the coax into the top board 
with X-in-long, No. 6 panhead sheet-metal screws and sili- 
cone caulk. After this, apply a continuous bead of caulk to the 
top surface of the coax board, including the coax flange area, 
and install the spacer board on top with the 4-in- long, No. 6 
flathead sheet-metal screws. 

2. Apply another bead of silicone caulk to the top of the spacer 
board and screw this assembly onto the bottom of the pack- 
age shelf with 114-in-long, No. 8 panhead sheet-metal screws. 
Then using silicone caulk between each layer, glue and screw 
each succeeding board together with 1'4-in-long, panhead 
sheet-metal screws until all the boards are installed. Finally, 
mount the woofer with 1 -in-long No. 8 panhead sheet- metal 
screws and you're done. The complete assembly is shown in 
Photos 2-17 and 2-18 (page 36). 

Measured System Performance 

As stated in Chapter 1, the frequency response of any speaker sys- 
tem is largely influenced by the particular installation. Vehicle cabin 
volume and dimensions vary widely. To remove the effect of these 
variables, we mounted the coax assembly in a 4- by 8-ft test wall 
constructed of heavily reinforced, %- in- thick plywood and mea- 
sured its response at a distance of 12 in using the RTA as shown in 
Photo 2-19. 

The test setup diagram is shown in Figure 2-4 (page 37). We drove 
the coax and woofer separately using a 50-W-per-channel amplifier. 
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Photo 2-1 7 



Photo 2-1 8 



Photo 2-1 9 






Subwoofer responses were measured with the filter described in 
Chapter 6, which also serves as an adjustable crossover. 

Frequency responses for the composite system with the filter are 
30 to 16K Hz ± 3 dB as shown in the RTA printout in Figure 2 -5a 
while Figure 2-56 and c show the separate responses for the woofer 
and coax. Due to the shelved bass response of the coaxes, it was 
necessary to set the subwoofer crossover point at approximately 
500 Hz to obtain a flat response in the midbass region. The sub- 
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Figure 2-4 Test sys- 
tem diagram. 



woofer filter was set for a high-pass Q of 1.7 and a low-frequency 
cutoff of 25 Hz. 

As a point of interest, Figure 2-6 a shows the theoretical woofer 
response with the crossover point set for a more typical 100 Hz. Fig- 
ure 2 -6b is the actual response of the woofer measured with the RTA 
with the same settings. The two appear to be very similar. 

Sensitivity of the composite triax at approximately 3 V (as close as 
I could get to the standard 2.83) input at 1 kHz is 90 dB as measured 
with the RTA. 

To see if the extensive baffling caused woofer distortion, I meas- 
ured the output waveform of the triax at a sound pressure level of 
100 dB at some key frequencies — 30, 40, 500, IK, and 10K Hz. I did 
this by feeding a sine wave to the system with a signal generator in 
place of the RTA pink noise and capturing the on-axis response with 
a microphone connected to a dual trace oscilloscope. The photo- 
graphed oscilloscope displays are shown as Photo 2-20« through e. 
Each screen shows the signal generator waveform on bottom with 
the measured waveform above it. Photo 2-20 a shows the waveform 
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Figure 2-5u Triax 
system response* 



Figure 2-5 b Triax 
woofer response. 



Figure 2-5 c 4-in 

coax response. 



Finally 
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at 30 Hz to be slightly asymmetric, indicating that the woofer is pro- 
ducing some distortion at 100 dB that is significantly reduced at 40 
Hz in Photo 2-201?. Higher frequencies all appear to be sinusoidal. 



For a purely subjective analysis, I connected a portable CD player to 
the test setup and played music through it. It sounded smooth and 
full. I then plumped up the bass by increasing the woofer volume 
and reduced the woofer crossover frequency to reflatten the mid- 
bass. The triax sounded surprisingly musical. As further proof, I had 
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Figure 2-6 a Pre- 
dicted frequency 
response Madi- 
sound 81524DVC in 
free-air trunk 
mount. High-pass 
filter; Q = 1 .7 at 25 
Hz; R1 = 8.5 K; R2 - 
98.4 K. 
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Figure 2-66 Mea- 
sured 81524DVC 
free-air response at 
100-Hz crossover 
point. 



my wife and a number of friends listen to it independently. I watched 
for their immediate reactions as the music began to play. In every 
case, they were surprised at the quality and fullness of the sound 
emanating from the 6 by 9 oval hole. 

I tested the power-handling capacity by increasing the volume for 
brief periods and recorded the results. At a distance of 12 in in free 
air, I measured continuous outputs of 110 dB (and more) at 40 Hz and 
above. In the confined space of a sedan, I estimate that a pair should 
be able to generate SPLs in the range of 115 to 118 dB with a 50- W- 
per-channel amplifier. Even higher SPLs can be obtained by using 
woofers with longer travel. 
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Photo 2-20a 
(30 Hz) 




Photo 2-20£» 
(40 Hz) 




Photo 2-20c 
(500 Hz) 




I have used this triax in several installations, one of which was my 
own personal vehicle. It requires quite a bit of patience and physical 
labor to install it properly, but the results are well worth the effort. 
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Photo 2-20 d 
(IK Hz) 




Photo 2-20e 
(10K Hz) 



Bandpass/Coax Combination 

Like the previous system, Sedan System No. 2 is intended to fit a 6- by 
9-in oval package shelf cutout. It also combines a coax with a sub- 
woofer, but instead of a free-air woofer, this design employs a rela- 
tively small but powerful bandpass box. Figure 2-7 shows the general 
arrangement. A simple adapter plate couples a 5-in coax and the 
bandpass box's 3-in-diameter PVC port to the 6- by 9-in opening. In 
most respects, construction and installation are simpler than for the 
triax. The main trade-off is that the boxes take up more trunk room. 

Photo 2-21 shows the two Madisound drivers selected for this 
project. To minimize box volume, I selected the 8154 8-in woofer. 
Because more room is available on the adapter plate, we will switch 
to a 5-in 5402 coax, which employs the Audax 0.5-in polymer 
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tweeter. This coax has much higher power handling and more 
extended frequency response than the 4-in JVC. It will also provide 
more midbass punch and is a better match for the bandpass box. For 
a sneak preview. Figure 2-10 a (page 55) shows the measured 
response of the complete system. 

I designed the bandpass box using some shareware — Loudspeaker 
CAD Lite , which I downloaded off the Internet. I'll discuss this pro- 
gram and a few others like it in more detail in Chapter 8. The pre- 
dicted response is shown in Figure 2-11 c. The characteristic 
efficiency for 1-W input is predicted to be a reasonable 88 dB at a 
distance of 1 m, which is dependent on the particular combination 
of box volumes and tuning frequency chosen. This design can be 
employed with or without the electronic subwoofer filter, but it 
sounds best with the filter since the filter can be set to increase bass 
extension and remove subsonic information. It can also be used to 
adjust the high-frequency roll-off to better match the coax. Actual 
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Photo 2-21 



response curves with and without the filter are shown later on in 
the chapter. 

The tools required for this project are the following: 

• Circular saw 

• Saber saw 

• Variable-speed drill with drill bits and Phillips screwdriver bit 

• Wood rasp 

• Router (optional) 

• Belt sander (optional) 

• Straightedge 

• Square 

• Worktable 

• Ruler, tape measure 

• Clamps (optional) 

The materials required are the following: 

• Two pieces of %-in-thick particle board shelving material, 1114 in 
wide by 8 ft long 

• Box of 100 No. 6 coarse- threaded drywall screws — 1 % in long 

• 16 — -No. 8 panhead sheet- metal screws — 1 in long 

• 8— No. 6 panhead sheet- metal screws — % in long 

• Yellow carpenter's glue 

• An 8-in length of 3- in Schedule 40 PVC pipe 

• Rope caulk 

• Silicone caulk 

• Madisound 8154 8-in woofer (one or two as desired) 




